The returns to education remain a central concern for development policy. In developed countries there is evidence that the returns to education have been rising. Evidence for changes over this period for developing countries is limited. In this paper we use data from Kenya and Tanzania to estimate returns to education for manufacturing workers and examine how these returns have changed from 1980 to the late 1990s. We find strong evidence that the earnings function is convex for both countries and document significant differences in the earnings profiles across cohorts, typically with stronger convexity amongst the young. We also find evidence of increasing convexity over the 1990s in Tanzania, but remarkable stability in Kenya. We test for the importance of ability bias and find convexity robust to endogeneity. Treating education as an endogenous explanatory variable generally results in higher estimated returns to education than what is obtained by OLS. Potential reasons for this result are discussed.
Introduction
Education is often seen as the main policy instrument for reducing poverty in developing countries. Two broad empirical generalisations are central to the argument that expanding education will help the poor. The first is that in developing countries the returns to education are relatively high, the second is that the returns are concave with respect to education. One common policy recommendation based on concavity is that, because of higher returns to primary relative to higher levels of education, expanding primary education should be the priority (Psacharopoulos, 1994) . However, the notion that earnings functions are concave in education has been challenged for both developed and developing countries.
1 If in fact the earnings function is convex then marginal returns to education will be lowest for the individuals with the least education, with obvious implications for the demand for education, the distribution of income and the effectiveness with which education can serve to reduce poverty.
In this paper we investigate the shape and the dynamics of the earnings function for two African countries -Kenya and Tanzania. 2 We have comparable data on workers in manufacturing firms over the 1990s so we can trace changes in the shape of the earnings function in detail over this period. We can put these changes in a longer term context as excellent data exist for the returns on education in the 1980s (Knight and Sabot, 1990) . We can also ask if the earnings profile differs across cohorts, another dimension of our dynamic analysis.
1 Kingon and Unni (2001) report that, for urban India, returns increase with the level of education; Duraisamy (2002) finds a similar result. Belzil and Hansen (2002) report increasing marginal returns to education in the U.S., up to grade 14. Bennell (1996) argues that the results reported by Psacharopoulos (1994) are not credible due to methodological shortcomings. 2 Available empirical evidence shows mixed results concerning changes in returns to education in the 1990s in sub-Saharan Africa. Krishnan, Sellassie and Dercon (1998) show that educational returns did not change in urban Ethiopia despite labor market reforms instituted in early 1990s. In contrast in Uganda, from 1992 to 1999, returns to education increased markedly, Appleton (2002) and in Ghana from 1987 to 1991 there is evidence of rising returns, Canagarajah and Thomas (1997) . These studies have been confined to relatively short time periods. Where longer run comparisons have been made there is evidence of falls. In South Africa, Moll (1996) reports that returns to primary education declined from 1960 to 1975. In urban labour markets in Kenya between 1978 and 1995 Appleton, Bigsten and Manda, (1999 report declines in returns to education for workers with secondary education and below.
between earnings and education, because the different educational policies pursued by the two countries in the 1980s constituted close to a natural experiment (Knight and Sabot, 1990) .
While Kenya allowed a rapid expansion of secondary education, much of it privately financed, Tanzania severely restricted access to secondary education and introduced wage polices to reduce differentials. By comparing Kenya and Tanzania we can therefore find out the long run consequences in the 1990s of these very different policies adopted in the 1980s.
Further, in the 1990s educational and other policies in Tanzania became much more similar to those in Kenya. Have returns to education in Tanzania become more like those in Kenya as a result?
The rest of the paper is organised as follows: Section 2 outlines our empirical framework, Section 3 discusses the data and shows summary statistics, Section 4 shows OLS estimates of the earnings functions, Section 5 provides a comparative analysis over time and
across cohorts, Section 6 shows additional results in which education is treated as an endogenous variable, Section 7 provides a summary and conclusions.
The Earnings Model
We write our baseline model of earnings as Most empirical studies in this area assume log earnings to be linear or quadratic in years of education. We seek to document the shape of the entire earnings-education profile, and therefore adopt a more flexible approach specifying In the empirical analysis we begin by taking education to be exogenous, i.e. uncorrelated with the residual in the earnings regression. We then consider the effects of treating education as an endogenous variable, using a control function approach. Throughout the analysis we put in nodes of the earnings-education profile
at 7, 10 and 12 years of education. Using four segments of the earnings-education profile ensures that there is a reasonable number of observations in each category. We divide the data into two cohorts only, where an individual is considered 'young' if his/her age is less than 30 years and 'old'
otherwise. This way of dividing up the sample is driven by the data.
Data
We use survey data on employees in the manufacturing sectors in Kenya and Tanzania. 4 For both countries we have four years of data: the Kenyan data cover 1993 , 1994 , 1995 the Tanzanian data cover 1993 the Tanzanian data cover , 1994 the Tanzanian data cover , 1999 the Tanzanian data cover and 2001 Four broadly defined manufacturing sub-sectors were surveyed: food processing, textiles and garments, wood and furniture, and metal-working including machinery. These sub-sectors comprise the bulk of manufacturing employment in both countries. Large as well as small firms, including informal ones, were included in the sample, and each wave of the data contains information on 150-220 firms. In each firm up to 10 workers were interviewed to provide information on personal characteristics, characteristics of their jobs and information on earnings and allowances. The aim was to sample employees representing all types of jobs in the firms, e.g. casual workers, production workers, supervisors, office clerks and managers. There is a panel dimension at the firm level, but not at the individual level. There are advantages and disadvantages to focussing solely on individuals in the manufacturing sector and not the whole population. Because of significant private ownership the manufacturing sector provides a relatively good basis for interpreting returns to education as returns to productive skills. In contrast, in the public sector earnings are determined by a number of factors orthogonal to productive ability, and so the returns to education would have a different interpretation in this sector. Further, focusing on one sector only ensures that changes over time are not driven by changes in the relative sizes of different sectors, across which there may be radical technological differences. A related point is that, for both Tanzania and Kenya, there is no evidence of significant technological progress over the 1990s. We can thus reasonably argue that for our sample technology is held constant. The main disadvantage of focussing only on individuals in the manufacturing sector, is that the results may be biased by sample selectivity. We discuss this, and how we deal with this problem, in Section 5. 5 The first three waves of the Kenyan data, and the first two waves of the Tanzanian data, were collected as part of the World Bank's Regional Program on Enterprise Development (RPED), while the remaining waves of the data were collected by teams from the Centre for the Study of African Economies, University of Oxford. The survey instruments and the sampling design were very similar both over time and across the two countries, thus providing an excellent basis for comparative analysis. For general information on the surveys, see Söderbom (2001) and Bigsten and Kimuyu (eds.) (2002) for Kenya; and Harding, Kaharaya and Rankin (2002) , Harding, Söderbom and Teal (2002) , for Tanzania. 6 See Bigsten et al. (2000) for a study of the returns to physical and human capital in five African countries. For a panel data analysis based on the firm level data, see Söderbom and Teal (2004) .
Tanzania the average is USD 55, indicating a substantial differential across the two countries.
The average years of education is 9.1 in Kenya and 8.8 in Tanzania. Figure 1 illustrates the sample distributions of earnings (in natural logarithms) and education. It is clear that there is considerable variation in both variables within each sample. While there is an obvious differential across the countries in average earnings, the distributions have similar shapes. For education, however, the sample distributions differ markedly across the countries. In
Tanzania, there is a spike in the data at 7 years of education, while in the Kenyan sample the distribution features spikes at 7 and 11 years of education. This pattern of similar earnings distributions and different education distributions is interesting. If the aggregate supply of education impacts strongly on the returns to education, we would expect the earningseducation profiles to differ significantly across the countries. We now turn to regression analysis to investigate the returns to education in detail. Table 2a shows OLS estimates of the parameters of the earnings function, by year and cohort,
Earnings Function Estimates
for Kenya. Table 2b shows results for Tanzania education. This is also apparent in the graphs.
Second, for both countries the results suggest the earnings profiles differ across cohorts. In the range (0,12) years of education the profiles seem steeper for the old than for the young cohort, especially for Tanzania. In the case of Tanzania it also looks as though the earnings profile is much less convex for the old cohort than for the young. In both countries the returns to education for the young cohort are typically very low before the tertiary level.
Third, for both countries it appears the earnings functions have changed over time. In
Kenya there is a clear upward intercept shift referring to 1995, which was sustained in 2000
for the old cohort but not for the young. The shape of the Kenyan profile, however, looks quite stable over time, except for 1994. In Tanzania We now investigate whether the data pool over time and/or across cohorts. We start from a model where the explanatory variables are interacted with time and cohort in such a way as to make the specification equivalent to separate earnings functions as in Tables 2a-b, and then test for the joint significance of the relevant interaction terms. Results are reported in Table 3 . For both countries we can reject at the one per cent level the hypothesis that all the time and cohort effects are jointly zero (row 1), hence the earnings equations in Tables 2a-b do not pool. We accept the null hypothesis that the coefficients on the control variables (i.e.
age and its square, tenure, male and capital city) do not vary across cohorts and over time (row 2), and firmly reject the hypothesis that the earnings education profile is constant across cohorts and over time (row 3). Thus, the control variable effects appear stable over time and across cohorts; the education effects do not.
We drop the interaction terms associated with the control variables, and the cross terms between time and cohort, yielding specification 2. The remaining time and cohort effects are highly significant (row 1), and there is strong evidence that the shape of the male coefficient is usually positive but only significant in two out of the 16 regressions; and there is a wage premium to working in the capital city.
earnings education profile varies across cohorts for both countries (row 8). The interaction terms between time and cohort crossed and education are redundant, and so we drop these next. Table 4 shows the resulting specifications, our preferred models, and Figures 3a-b show the predicted earnings education profiles. For both countries the earnings profile for the young cohort is virtually flat for less than twelve years of education, indicating small or no marginal returns to education before the tertiary level. For Tanzania there is evidence of a gradual and systematic change in the shape of the earnings profile for more than twelve years of education, with increased convexity as a result. The interaction terms between education and time, and education and cohort, are significant at the five per cent level or lower, indicating significant differences in the earnings-education profiles both over time and across the cohorts. Looking specifically at the first and last wave of the data, we accept the hypothesis that the earnings profiles exhibit the same shape for Kenya, and reject it for Tanzania.
Comparative Analysis
Based on our preferred specifications we now analyse more in detail how returns to education have changed during the sampling period and how they differ across cohorts. We focus on the first and the last wave of the data, thus spanning a period of 7-8 years. We can also put some of the results in a longer term context by drawing on the study by Knight and Sabot (1990) .
Panel A in Table 5 If we consider only the sub-samples of individuals with more than 7 years of education, the average marginal returns are higher, reflecting the convexity of the earnings functions.
These average marginal effects are large, compared to estimates reported in other studies. Because the underlying earnings profiles are highly non-linear, they mask substantial variation in marginal returns across individuals with different levels of education. In panels B
and C we show predicted earnings premiums (in logarithmic form) attributable to education, using two different baselines: no education (panel B) and primary 5-7 (panel C).
For Kenya we find that the differentials have shrunk over time at all levels of education irrespective of which benchmark is used. Comparing across the two countries in the last time period the earnings differentials are strikingly similar.
Endogenous Education
As is well-known, the OLS estimator will give biased estimates of the returns to education if education is 'endogenous', i.e. correlated with the residual in the earnings equation. A common concern in the literature is that education may be positively correlated with unobserved ability, and that the estimates of the returns to education would be upward biased as a result. The conventional way of correcting for ability bias is by means of instrumental variable (IV) techniques. We use a closely related alternative to IV estimation, well suited for estimating models that are non-linear in the endogenous variable, known as a control function approach. 8 This involves regressing education on a set of instruments, and using the estimated residual to control for endogeneity in the earnings regression. We use a partial linear model of the form ( )
, where u is the residual from the education regression and ( ) ⋅ η is an unknown, smooth function. To estimate the parameter vector λ , we use the semiparametric approach proposed by Robinson (1988) , which this involves estimating ( ) ⋅ η using a kernel estimator, thus imposing very few restrictions on the shape of ( ) ⋅ η . In the special case where the endogenous variable enters linearly and ( ) ⋅ η is linear, the control function approach is equivalent to two-stage least squares (2SLS).
We require valid exclusion restrictions, i.e. variables that are correlated with education and uncorrelated with the earnings residual. In the last wave of the data there is information on the distance to primary school at the age of six and to secondary school at the age of twelve, as well as on parents' education and main occupations. These are our potential instruments for education. Distance to school is a supply side measure of education and it could therefore be reasonably argued that this variable is correlated with education and not with ability (Card, 2001) . Several recent studies, mostly based on U.S. data, have used similar information to form instruments for education. Family background variables have been used as instruments for education in many previous studies, on the grounds that such variables should have no direct causal effects on earnings. 8 As discussed by Amemiya (1974) , the standard 'fitted value' method will not work for non-linear models. For a recent discussion of the control function approach in the context of estimating semiparametric models, see Blundell and Powell (2001) . For an early application of the control function approach in the context of estimating earnings functions, see Garen (1984) . 9 While these variables may have no direct causal effect on earnings it is still possible that they are invalid instruments, e.g. if the ability of parents is correlated with that of their children or if parents with a lot of education (or with certain jobs) can help their children develop skills that are subsequently rewarded in the labour market. Similarly, if parents with highly able children may choose to live close to a school, the distance variable will not be a valid instrument. A dose of caution in interpreting the instrumental variable results therefore is recommended. Table 3 reports control function results using the last wave of data for both countries. 10 We begin by checking that parental characteristics and distance to school indeed have explanatory power for education, a necessary condition for consistency of the estimates.
Based on the first stage regressions, where education is regressed on all exogenous variables, we test for the joint significance of the coefficients on parental characteristics and distance to school and find that we can safely reject the hypothesis that these coefficients are jointly zero (EXCRES).
Columns 1 and 2 in Table 3 show control function estimates for the Kenyan sample.
Individuals in the young cohort with 0-7 years of education receive local returns of about one per cent, which is lower than the OLS estimate (Table 2a , col. 7). At higher levels of education, however, the estimated returns increase substantially as a result of controlling for the endogeneity of education, thus providing even stronger support for convexity than obtained by OLS. The picture is similar for the old cohort, column 2, in that that estimated returns increase as a result of the instrumenting. For both cohorts linearity of the earnings function is firmly rejected. We can reject exogeneity at the ten per cent level for the old cohort and at the five per cent level for the young. For the Tanzanian samples the effects of controlling for endogeneity of education are smaller. The results reported in column 3 imply that in the young cohort the estimated returns are 4-5 percentage points higher than the OLS estimates over the entire range of education ( An alternative possible reason why controlling for endogeneity leads to higher estimates is that, in our application, the OLS estimates may be downward biased due to sample selectivity, even if education is positively correlated with unobserved ability in the population. This can happen if individuals self-select into the manufacturing sector based on unobserved ability, and the residual in the selectivity equation is positively correlated with the residual in the earnings equation. In this case individuals with low levels of ability, and therefore little education, do not get a job in the manufacturing sector unless the residual in the selectivity equation is atypically high, hence in the sample (unlike the population) education and the selectivity residual are negatively correlated. Because the selectivity residual is positively correlated with the earnings residual, the latter may well be negatively correlated with education in the sample, in which case the OLS estimator would be downward biased. The control function estimator, however, would be consistent, provided that the instruments are uncorrelated with ability and the residual in the selectivity equation.
Conclusions
Three main findings have emerged in this study. First, there is strong evidence that the earnings function is convex for both Kenya and Tanzania, a result robust to endogeneity. The control function estimates are generally larger than their OLS counterparts and in one case out of four (the young cohort in Kenya) we can reject exogeneity at the five per cent level. A reasonable interpretation of the results is that there is some downward bias in the OLS results, but probably not as much as some of the control function results imply. Second, there are significant differences in the earnings profiles across the cohorts, typically with stronger convexity in the young cohort. Third, for Tanzania there is increasing convexity over the 1990s, for Kenya remarkable stability.
There is limited empirical evidence on changes in the returns to education in developing countries over long periods of time. Our data have enabled us to document changes in the returns to education in Kenya and Tanzania during the 1990s and also allowed a direct comparison with earlier work by Knight and Sabot (1990) . It is clear that in both countries the returns to education have been variable since 1980. One of the primary hypotheses advanced to explain the increased returns to education observed in the U.S. is the possibility of skill biased technical change. This is unlikely to be the reason for the dynamics of returns to education in Kenya and Tanzania, as the rate of technological progress in manufacturing has been at best modest in these countries over the last decades (Bigsten, 2002; Pack, 2002 ). An alternative hypothesis for changing returns to education, advanced by Adrian Wood, is that increases in trade exert downward pressure on unskilled wages in developed countries, thus raising returns to education by a quite different route to that suggested by skill biased technical change. Investigating the role of openness to trade in this context appears an interesting area for future research.
As noted in the introduction, the policy recommendation that primary education should be the priority in poor countries is often based on the idea that earnings are concave in education. With convexity and low returns at low levels, the premise of this recommendation is undermined. The implication is not that poor countries should invest less in primary education. Only with sound primary education will individuals be able to proceed to the levels of education associated with higher returns. Convexity, however, does imply that the effect of education policies designed to stimulate individuals who otherwise would have no or little education to obtain only a modestly higher amount will have a small aggregate effect on income and poverty. Finally, one of the micro-macro puzzles in the development literature is why at the macro level the expansion of education in Africa during the last two decades has generated so little growth, while at the micro level the average returns to education appear high. With convexity, these two results can be reconciled if, as probably is the case, the expansion of education has primarily occurred on relatively flat segments of the earnings function. (1) An individual is belongs to the old cohort if he or she is more than 30 years old. Note: The dependent variable the log of monthly earnings. All regressions control for endogeneity of education by means of a semiparametric control function as described in the text. Bootstrapped standard errors, robust to heteroskedasticity and intra-firm correlation are reported in parenthesis. Significance at the 1%, 5% and 10% level is indicated by * , ** and + respectively. The explanatory variables in the regression modelling education (step 1) are: dummy variables for mother's and father's education (none; primary; middle (pre 1964) or training college; O level; A level; vocational/technical; university; don't know) and occupation (farming, fishing, forestry; trading, self-employed; clerical; employed in construction, tailoring, or worked as foreman; professional; watchman, soldier; don't know); dummy variables for distance to primary school at the age of six and to secondary school at the age of twelve (less than 1 km; 1-3 km; 3-6 km; 6-10 km; more than 10 km; don't know); and age, age squared, tenure, male, capital city.
(1) Wald test for joint significance of the identifying instruments in step 1 (the exclusion restrictions). 
